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METHOD OF PRODUCING AN ELECTRICALLY CONDUCTIVE MATERIAL 

This invent:ion relates to a method of producing an 
electrically conductive material, and in particular to a 
method of producing an electrically conductive composite. 
The invention also relates to an electrically conductive 
composite. 

It is known, for example from GB-A-2 191668 and 
GB-A-2173200, to produce electrically conductive 
composites comprising electrically insulating polymers and 
carbon materials. GB-A-2173200 discloses a conductive 
material comprising carbon particles dispersed in a 
polymer, such as polyacrylonitrile or polyurethane • The 
document describes a method of producing a conductive 
fabric, in which polyamide fabric is coated with an 
aqueous solution of an aliphatic polymer containing carbon 
particles. The coated fabric is heated to evaporate the 
water* It has been found that the resulting composite may 
retain moisture from the manufacturing process 
(particularly when steam heating techniques are utilised 
as disclosed in GB 2 191 668) , and may stibsequently absorb 
moisture from the atmosphere. This results in a number of 
problems including varying the electrical characteristics 
of the composite, accelerating deterioration of 
surrounding materials, including metallic connections , and 
can encourage the growth of fungi and the like on the 
composite. 

It is among the. objects of the present invention to 
provide a method of producing an electrically conductive 
material which obviates or mitigates these disadvantages. 
f According to the present invention there is provided 

a method of producing an electrically conductive material, 
the method comprising: 

providing a non-aqueous solvent; 

dissolving a settable matrix-forming material in the 
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solvent to form a non-acfueous solution; 

mixing particulate conductive material with said 
solution; 

applying the conductive material -containing solution 
to a carrier; and 

removing the solvent from the solution and permitting 
the matrix- forming material to set to form an electrically 
conductive composite. 

According to another aspect of the present invention 
there is provided a conductive composite material 
comprising a non-aqueous based polymer matrix and a 
particulate conductive material dispersed therethrough. 

The material produced is substantially moisture free 
and will not tend to absorb moisture during use. This is 
particularly important in applications where the material 
is to be used in close proximity to a human or animal body 
and will therefore be exposed to perspiration which would 
otherwise be absorbed by the material and alter its 
electrical characteristics, encourage growth of fungi, and 
accelerate deterioration of the material and surrounding 
materials. 

The material has particular application in forming 
heating elements, which may be used in heated vehicle 
seats, therapeutic heating pads, heated under-blanket s and 
the like. 

Preferably, the settable material is a monomer or 
polymer which is polymerised or cured after application to 
the carrier material. Most preferably, the settable 
material is an aliphatic compound. 

Preferably also, the conductive material is carbon. 
The carbon may form 25 to 60% by weight of the total solid 
content of the solution, and most preferably forms 45% by 
weight of the total solid content of the solution. 

Preferably also, a flammability inhibitor is 
incorporated in the composite. The flammability inhibitor 
may form up to 3 0% by weight of the total solid content of 
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the solution, and most preferably forms 20% by weight* of 
the total solid solution. 

The carrier material may be separated from the set 
composite if it is desired to produce a conductive 
^ composite film. In such applications the carrier may be 

in the form of a silicone coated polymer sheet. 
Alternatively, the carrier material may be retained to 
form a support for the composite and may be in the form of 
a fabric or a continuous sheet. It is preferred that the 
film is perforated such that, in use, heat generated on 
the side of the sheet opposite the area to be heated may 
be more readily dispersed. Perforation also provides 
breathability, for greater comfort when the material is 
used, for example, as a heating pad in a vehicle seat. 

Such films may be combined in a laminate, a preferred 
laminate comprising two films of the composite material 
with a scrim located therebetween. Preferably, the 
composite material is utilised as an adhesive, that is a 
layer of conductive-material containing solution is 
provided between the scrim and each film. Preferably 
also, the scrim carries conductors which form electrodes 
in the laminate. Preferably, the conductors are in the 
form of copper tinsel. 

According to another aspect of the present invention 
there is provided an electrically conductive composite 
comprising an electrically conductive particulate material 
held in a non-conductive carrier, the composite being in 
the form of a perforated sheet. 

These and other aspects of the invention will now be 
described, by way of example, with reference to the 
accompanying drawing which is a somewhat schematic view of 
» laminate in accordance with one embodiment of the present 

invention. 

The illustrated embodiment of the invention is in the 
form of a laminate 10 comprising a scrim 12 supporting 
films 14, 16 of an electrically conductive composite, and 
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Which laminate 10 may be utilised as a heating element in 
many applications, including a therapeutic heating pad, a 
domestic under-blanket, a heated pad for vehicle seats or 
as a wrapping for heated pipes. The laminate will be 
encased in a suitable insulating material (not shown) and 
connected to a thermostat controlled electrical supply 18 
typically a 12 or 24 volts supply. Conductors 20 are 
provided through the scrim 12 to form electrodes, and in 
the illustrated embodiment the electrodes 20 are in the 
form of copper tinsel, that is thread provided with a 
wrapping of copper foil. 

The films 14, 16 comprise a non-aqueous based polymer 
carrier having particulate carbon dispersed therethrough. 
The films 14, 16 are separately formed from a solution of 
a non-aqueous solvent, containing matrix- forming material 
and pH compatible carbon particles, which has been applied 
to a release sheet, the solvent evaporated and the 
matrix-forming material cured. To adhere the scrim 12 and 
films 14, 16 together the scrim 12 is coated on both sides 
with the carbon-containing solution. 

EXAMPLE 

A non-aqueous solvent in the form of a l,5:l(w/w) 
mixture of isopropyl alcohol and toluene is prtovided. 
Aliphatic based polymer pellets as sold under the TRIXENE 
H35 trademark by Bayer are dissolved in the solvent to 
produce a clear, colourless liquid. Carbon particles, as 
sold under the Vulcan XC72R or CORAX trademark and having 
been milled to provide an average particle size of 10 
microns, are then added to the solution, together with a 
flammability inhibitor, in the form of antimony trioxide. 
The carbon accounts for 45% by weight of the total solid 
content (that is including the dissolved polymer and 
flammability inhibitor) of the solution, the polymer 
pellets 35%, and flammability inhibitor accounts for 20%. 

The solution is mixed to uniformly disperse the solid 
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materials in the solution and is then applied to one side 
of a suitable casting film formed of silicone coated 
polyester. The solution may be applied by various methods 
as will be well known to those of skill in the art, 
including the method described in GB-A-2173200 . The 
coated material is then heated to evaporate the solvent 
and cure the polymer material. The resulting film is 
perforated with 1 mm holes at i cm centres. 

A 0.08 mm thick film foznned using the components 
described above and method described in GB-A-2173200 has 
been found to possess the following mechanical properties. 

Tensile Strength Longitudinal Lateral 



The film may be combined in a heating laminate as 
described above, and where the potential applied to the 
laminate is 12 Volts, spacing the conductors by around 5 
cm (2 inches) results in the laminate being heated to 
approximately 50 'C. 

The resulting conductive composite is highly 
cross-linked and goes irreversibly solid upon curing. In 
addition, the composite is formed in the absence of water 
and is not easily wettable such that it is most unlikely 
that fungi and the like will be able to grow on the 
composite. The conductive material has also been found to 
have advantageous electrical properties including: the 
resistance\heating characteristics of the composite are 
self -limiting, such that the composite is most unlikely to 
overheat; and there is no build-up of static on the 
exterior of the laminate when encased in insulating 
material. It has also been found that heating provided by 



Elongation at break 
Embr i ttl ement 
Loss of flexibility 
Hardness (Shore A) 



7.5 Kg/cm2 
Average 150% 
-40 45 



6.5 Kg/cm2 



-35 OC 
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the composite is fairly constant between the electrodes 
and that the film forms a square law circuit. The use of 
aliphatic polymers as a carrier medium also offers 
advantages in that the manner in which the carbon 
particles are held in the carrier does not have an adverse 
effect on the conductive properties of the material, in 
contrast to, for example, a latex carrier. Further, it 
has been found that, due to the "excitation state" of the 
carbon, there is a relatively high heat energy 
distribution over frequencies extending into the far 
infra-red frequencies. Thus, the invention is useful in 
providing heating pads for therapeutic applications. The 
mechanical properties of the material have also been found 
to be good, providing resistance to abrasion, corrosion 
and moisture. 

It will be clear to those of skill in the art that 
the above description is merely exemplary of the present 
invention and that various modifications and improvements 
may be made thereto without departing from the scope of 
the invention. 
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CLAIMS 



1- A method of producing an electrically conductive 

ii^aterial, the method comprising: 

providing a non-aqueous solvents- 
dissolving a settable matrix-forming material in the 

solvent to form a non-aqueous solution; 

mixing particulate conductive material with said 

solution; 

applying the conductive material-containing solution 
to a carrier; and 

removing the solvent from the solution and permitting 
the matrix-forming material to set to form an electrically 
conductive composite. 

2. The method of claim 1 wherein the settable material 
is a monomer or polymer which is polymerised or cured 
after application to the carrier material. 

3. The method of claim 2 wherein the settable material 
is an aliphatic compound. 

4. The method of claim 1, 2 or 3 wherein the conductive 
material is carbon. 

5. The method of claim 4 wherein the carbon forms 25 to 
60% by weight of the total solid content of the solution. 

6. The method of claim 5 wherein the carbon forms 45% by 
weight of the total solid content of the solution. 



6. The method of any one of the preceding claims wherein 
a flammability inhibitor is incorporated in the composite. 

7. The method of claim 6 wherein the flammability 
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inhibitor forms up to 3 0% by weight of the total solid 
content of the solution. 

8. The method of claim 7 wherein the flammability 
inhibitor forms 2 0% by weight of the total solid solution. 

9. The method of any one of the preceding claims wherein 
the carrier material is separated from the set composite 
to produce a conductive composite film. 

10. The method of claim 9 wherein the carrier is in the 
form of a silicone coated polymer sheet. 

11. The method of any one claims 1 to 8 wherein the 
carrier material is retained to form a support for the 
composite. 

12. The method of any one of the preceding claims wherein 
the set composite is perforated. 

13. The method of any one of the preceding claims wherein 
two set composite films are combined in a leuainate 
comprising two films of the composite material with a 
scrim located therebetween. 

14. The method of claim 13 wherein composite material is 
utilised as an adhesive and a layer of conduct ive--material 
containing solution is provided between the scrim and each 
film. 

15. The method of claim 13 or 14 wherein the scrim 
carries conductors which form electrodes in the laminate. 

16. A conductive composite material comprising a 
non-aqueous based polymer matrix and a particulate 
conductive material dispersed therethrough. 
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17. An electrically conductive composite comprising an 
electrically conductive particulate material held in a 
non-conductive carrier, the composite being in the form of 
a perforated sheet. 
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AMENDED CLAIMS 

[received by the International Bureau on 7 September 1994 (07.09.94); 
original claims 1-17 replaced by amended claims 1-14 (2 pages)] 

1. A method of producing an electrically conductive 
material, the method comprising: 

providing a non-aqueous solvent; 

dissolving a settable aliphatic monomer or polymer 
based matrix-forming material in the solvent to form a 
non-aqueous solution ; 

mixing particulate carbon with said solution; 

applying the carbon-containing solution to a carrier; 

and 

removing the solvent from the solution and 
polymerising or curing the matrix-forming material to form 
an electrically conductive composite. 

2. The method of claim 1 wherein the carbon forms 25 to 
60% by weight of the total solid content of the solution. 

3. The method of claim 2 wherein the carbon forms 45% by 
weight of the total solid content of the solution. 

4. The method of any one of the preceding claims wherein 
a flammability inhibitor is incorporated in the composite. 

5. The method of claim 4 wherein the flammability 
inhibitor forms up to 30% by weight of the total solid 
content of the solution. 

6. The method of claim 5 wherein the flammability 
inhibitor forms 20% by weight of the total solid content 
of the solution. 

7. The method of any one of the preceding claims wherein 
the carrier material is separated from the set composite 
to produce a conductive composite film. 
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8. The method of claim 7 wherein the carrier is in the 
form of a silicone coated polymer sheet. 

9. The method of any one claims 1 to 6 wherein the 
carrier material is retained to form a support for the 
composite. 

10. The method of any one of the preceding claims wherein 
the set composite is perforated. 

11. The method of any one of the preceding claims wherein 
two set composite films are combined in a laminate 
comprising two films of the composite material with a 
scrim located therebetween. 

12. The method of claim 11 wherein said composite 
material is utilised as an adhesive, a layer of 
conductive-material containing solution being provided 
between the scrim and each film. 

13. The method of claim 11 or 12 wherein the scrim 
carries conductors which form electrodes in the laminate. 

14. A conductive composite qaterial comprising a 
non-aqueous based aliphatic polymer matrix with 
particulate carbon dispersed therethrough. 
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